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ACOUSTICALLY ENHANCED CATHETER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention (Technical Field) 
This invention relates to apparatuses for ultrasonic 

imaging of angioplasty or atherectomy catheters; and 
methods for their use. 

2. Background Art 
Standard percutaneous transluminal angioplasty, 

atherectomy, dilatation, and stenting techniques of the 
peripheral vascular system have traditionally required 
the use of iodinated contrast media and radiographic 
guidance for the proper positioning of the dilatation 
balloon across an arterial stenosis. There is a known 
incidence of allergy to iodinated contrast dye as well as 
unpredictable reactions to contrast dye, including vari 
ous degrees of anaphylaxis and renal failure. The ioniz 
ing radiation utilized during the procedure is also a 
hazard to the patient and the medical staff. 

Ultrasonographic imaging, on the other hand, pres 
ents no known irradiation hazard and requires no use of 
radiopaque contrast medium, yet provides excellent 
visualization of the arterial lumen and walls. 
The correct placement of the angioplasty balloon 

during an angioplasty or atherectomy procedure is not 
only facilitated by the use of radiographic contrast me 
dium to determine the location of the arterial stenosis, 
but also by radiographic markers, usually small bands of 
radiopaque material (metal), which mark the proximal 
and distal limits of the balloon. 
The present invention allows for the correct place 

ment of an angioplasty balloon catheter across an arte 
rial stenosis utilizing ultrasonographic imaging alone, 
for example, B-mode imaging, thereby obviating con 
trast reactions and ionizing radiation exposure. 
The concept of marking catheters with metallic ele 

ments is not new. Devices such as that disclosed in U.S. 
Pat. No. 4,279,252, to Martin, entitled X-Ray Scaling 
Catheter, utilize metallic foil rings embedded in the 
walls of an angiography catheter at a set distance apart 
in order to calculate distances within the heart and 
correct for errors due to x-ray magnification. These 
markers are radiopaque and designed for use with radio 
graphically guided cardiac angiography procedures. 
The concept of acoustically modifying catheters for 

enhanced visualization with ultrasound imaging is not 
per se novel. U.S. Pat. No. 4,401,124, to Guess, et al., 
entitled Reflection Enhancement of a Biopsy Needle, 
disclose a diffraction grating comprising parallel 
grooves etched into the tip of a biopsy needle for en 
hancing the reflection coefficient when used in conjunc 
tion with pulse-echo ultrasound imaging. Similarly, 
Elkins in U.S. Pat. No. 4,869,259 entitled Echogenically 
Enhanced Surgical Instrument and Method for Produc 
tion Thereof discloses an acoustically enhanced surgical 
needle having a roughened surface with pits and ero 
sions of the order of 50 microns in depth. The resultant 
roughness increases the density of reflected ultrasound 
beams to the piezoelectric sensor, resulting in enhanced 
echogenicity of the treated portion of the needle. 

U.S. Pat. No. 4,431,006, to Trimmer, et al., entitled 
Passive Ultrasound Needle Probe Locator, teaches a soni 
cally conductive needle which conveys ultrasonic en 
ergy to an external transducer. Divisional U.S. Pat. 
Nos. 4,637,401 and 4,674,336, to Johnston, entitled Vol 
umetric Flow Rate Determination in Conduits Not Di 
rectly Accessible, both teach ultrasonic energy reflection 
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2 
in combination with a Doppler circuit for measuring 
blood velocity. 

U.S. Pat. No. 4,582,061, to Fry, entitled Needle with 
Ultrasonically Reflective Displacement Scale, teaches a 
body puncturing device comprising a plurality of cavi 
ties or grooves for trapping gas, thereby improving 
acoustic reflection. U.S. Pat. No. 4,697,595, to Breyer, 
et al., entitled Ultrasonically Marked Cardiac Catheters, 
discloses a plurality of piezoelectric transducers embed 
ded in a catheter to establish catheter location. U.S. Pat. 
No. 4,571,240, to Samson, et al., entitled Catheter Hay 
ing Encapsulated Tip Marker, discloses a catheter com 
prising a broad metallic band at one end thereof for 
fluoroscopic use. U.S. Pat. No. 4,407,294, to Vilkomer 
sas, entitled Ultrasound Tissue Probe Localization System, 
teaches an ultrasound imaging system comprising at 
least three transducers. U.S. Pat. No. 4,577,637, to 
Mueller, Jr., entitled Flexible Metal Radiopaque Indica 
tor and Plugs for Catheters, discloses a radiopaque coiled 
metal spring which provides a catheter plug and indica 
tor. U.S. Pat. No. 4,512,762, to Spears, entitled Method 
of Treatment of Atherosclerosis and a Balloon Catheter for 
Same, discloses a light-emitting balloon catheter for 
treatment of atheromatous plaque. 
The current invention utilizes the placement of a fine 

wire monolayer, for example, 5 mm long, proximal and 
distal, at the limits, or within the angioplasty balloon 
itself, in order to be detected acoustically by ultrasono 
graphic imaging. The proper detection of the proximal 
and distal limits of the angioplasty balloon by ultrasono 
graphic imaging results in the ability to correctly posi 
tion the balloon across an arterial stenosis without the 
use of radiographic contrast medium or ionizing radia 
tion. Hence, angioplasty can be accomplished by non 
radiographic ultrasonic guidance obviating the risks 
inherent to the traditional use of contrast agents and 
ionizing radiation. 

SUMMARY OF THE INVENTION 

(Disclosure of the Invention) 
The present invention relates to an acoustically en 

hanced catheter and methods of using the catheter. The 
catheter is elongated and has a proximal end and a distal 
end. Acoustic scattering markers are mounted on the 
catheter. 
The acoustic scattering markers are preferably 

mounted proximally and distally on the catheter. If the 
catheter is a balloon catheter, the acoustic scattering 
markers may be mounted proximally and distally on the 
balloon, either internally of the balloon, or externally of 
the balloon. 
The acoustic scattering markers preferably comprise 

coils, such as discrete annular coils or helical coils. The 
coils may be encapsulated by ultrasonically transparent 
material. Preferably the coils are in a monolayer. The 
acoustic scattering markers are preferably made from a 
metal, such as copper, gold, silver, platinum, stainless 
steel, or alloys thereof. The acoustic scattering markers 
preferably have a length in the range of approximately 
3 to 7 millimeters, and most preferably approximately 5 
millimeters. 
An ultrasonic transducer is used to ultrasonically 

scan the catheter. Useful transducers include piezoelec 
tric transducers and magnetostrictive transducers. The 
method of the invention for in vivo positioning of the 
catheter comprises the steps of (a) providing the cathe 
ter with at least one acoustic scattering device; (b) intro 
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ducing the catheter into a vascular system; and (c) sub 
jecting the catheter with ultrasonic energy and thereby 
guiding the catheter into the desired position in the 
vascular system. 

It is an object of the present invention to provide an 
angioplasty or atherectomy catheter with acoustically 
enhanced balloon markers. 

It is another object of the present invention to pro 
vide an echogenically enhanced angioplasty or atherec 
tomy catheter which can be guided ultrasonograph 
ically. 
A primary advantage of the present invention is that 

contrast dyes and radiation, which can be harmful to a 
patient, are not used. 
Another advantage of the present invention is its ease 

of fabrication and emplacement. 
Yet another advantage of the present invention is its 

ready adaptation to retrofitting existing balloon cathe 
ters, 
Other objects, advantages, and novel features, and 

further scope of applicability of the present invention 
will be set forth in part in the detailed description to 
follow, taken in conjunction with the accompanying 
drawings, and in part will become apparent to those 
skilled in the art upon examination of the following, or 
may be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 
attained by means of the instrumentalities and combina 
tions particularly pointed out in the appended claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorpo 

rated into and form a part of the specification, illustrate 
several embodiments of the present invention and, to 
gether with the description, serve to explain the princi 
ples of the invention. The drawings are only for the 
purpose of illustrating a preferred embodiment of the 
invention and are not to be construed as limiting the 
invention. 
FIG. 1 is a schematic side view of ultrasonic scanning 

of a prior art balloon catheter; 
FIG. 2 is a schematic side view of ultrasonic scanning 

of a balloon catheter of the present invention; 
FIG. 3 is a perspective view of the preferred embodi 

ment of the present invention; and 
FIG. 4 is a perspective view of an alternative embodi 

ment of the present invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

(Best Modes for Carrying out the Invention) 
With specific reference to FIG. 1, ultrasonic scanning 

of a prior art balloon catheter is schematically illus 
trated therein. Balloon catheter 10 having a central 
lumen tube 11 and balloon lumen 12, is inserted into a 
blood vessel to be treated. As is well known in the art, 
balloon catheter 10, after inflation with pressurized gas, 
is normally and desirably directly in contact with, for 
example, an arterial stenosis to be lysed. Accurate 
placement of balloon catheter 10 is therefore critical for 
effective treatment. 

Prior art placement techniques typically utilize broad 
metallic bands 13,14, more suitable for radiographic 
imaging. Theoretically, such broad metallic bands, or 
markers 13,14, when scanned (see dashed lines and ar 
rows indicating direction of scanning) with ultrasonic 
energy from a transducer, schematically represented by 
15, provide marking or boundary information (see ar 
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4. 
rows directed away from metallic bands 13,14) as to the 
proximal and distal location of balloon catheter 10. 
However, as depicted in FIG. 1, metallic bands 13,14, 
totally reflect such scanning ultrasonic energy. Acous 
tic shadows 16,17, are thereby created, obscuring 
acoustic information below acoustic markers 13,14. 
FIGS. 2-3 illustrate the preferred balloon catheter of 

the present invention, showing acoustic markers. FIG. 
4 illustrates an alternative embodiment of the present 
invention, showing a different positioning of the balloon 
relative to the acoustic markers. 
FIG. 2 schematically illustrates acoustic effects cre 

ated by use of the acoustic markers of the present inven 
tion and is applicable to the preferred and alternative 
embodiments. As shown therein, acoustic markers 
23,24, positioned proximally and distally of balloon 
catheter 10, comprise a plurality of coils 25. Alterna 
tively, an acoustic marker 23,24 could be positioned 
centrally of balloon catheter 10'. Coils 25, for example, 
may comprise separate and discrete annuli, or annular 
coils. Coils 25 may also comprise a plurality of the con 
nected coils of a helix, or a helical coil. In either case, 
impinging ultrasonic energy from a transducer, sche 
matically represented by 15, is effectively scattered 
when reflected (see arrows directed away from coils 
25), resulting in a fuzzy, glowing image, easily traceable 
on a display monitor. In both embodiments, preferably 
only a single coil layer is employed thereby assuring 
adequate scattering of ultrasonic energy. Accordingly, 
proximal and distal ends of balloon catheter 10' are well 
marked; no acoustic shadows are present. 

Ultrasonic transducer 15' preferably comprises a pi 
ezoelectric transducer. Alternatively, a magnetostric 
tive transducer could be utilized. 

Coils 25 are preferably made of metal which can be 
detected using ultrasonic transducers, however, other 
materials detectable by ultrasound may be utilized in 
accordance with the invention. The individual coils 25 
may, for example, comprise copper wire, preferably 
30-gauge; alternatively, other metals such as gold, sil 
ver, platinum, stainless steel, alloys thereof, and the like, 
may be used. Aggregate length of the coils 25, whether 
discrete annular coils or a helix, preferably comprises a 
length in the range of 3 to 7 millimeters; 5 millimeters 
comprises an effective average length. 
FIG.3 schematically illustrates the preferred embodi 

ment of the invention. Acoustical coil markers 33,34 are 
positioned within balloon catheter 10'. The envelope of 
balloon catheter 10" prevents loss of the markers in the 
event of inadvertent detachment from the catheter, 
providing better safety for the patient. If acoustical coil 
markers each comprise a plurality of discrete annular 
coils, such coils may be secured together by ultrasoni 
cally transparent plastic. Such plastic may serve to 
bond, fuse, weld, or encapsulate the individual coils into 
a coherent mass. The ultrasonically transparent plastic 
may further secure the coils to central lumen tube 11'. 
If acoustic markers 33,34 comprise helices, they need 
only be secured, as aforementioned, to central lumen 
tube 11'. 
FIG. 4 depicts an alternative embodiment of the in 

vention. Proximal and distal acoustic markers 43,44 are 
positioned externally of balloon catheter 10'. In this 
embodiment, whether discrete coils or helices are em 
ployed, encapsulation of markers 43,44 with a thin layer 
of ultrasonically transparent material (not shown) may 
be utilized in order to secure markers 43.44 to lumen 
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tube 11" and to prevent dislodgement of the markers 
into the arterial system, thereby providing safety to the 
patient. This transparent material, preferably a mono 
layer, should be thin enough so that the acoustic nature 
of the markers is not interfered with. Useful transparent 
materials include TEFLON (R) or other heat shrink 
plastic materials. 

In practice, acoustic markers 23.24 are initially posi 
tioned centrally or proximally and distally on a balloon 
catheter 10, and secured thereto. If positioned proxi 
mally and distally, markers 23,24 may additionally be 
positioned either externally or internally of balloon 
catheter 10'. If positioned externally of balloon catheter 
10", additional securing means comprising a monolayer 
of acoustically transparent plastic and utilized. 
As can be appreciated by those skilled in the art, the 

catheter need only comprise one or two acoustic mark 
ers or may comprise more than one acoustic markers. 
Placement of the acoustic markers depends on the de 
sired application; for instance, acoustic markers may be 
positioned proximally, distally, centrally, or in combi 
nation thereof. 
The preferred method of the invention for in vivo 

positioning of the catheter comprises the steps of pro 
viding the catheter with at least one acoustic scattering 
marker, introducing the catheter into a vascular system, 
and subjecting the catheter with ultrasonic energy and 
thereby guiding the catheter into the desired position in 
the vascular system. Introduction of the modified bal 
loon catheter into the vascular system is accomplished 
by well-known techniques, for example, by insertion 
into the femoral artery. Transport of catheter 10' to the 
desired vascular area is accomplished simultaneously 
while irradiating and scanning catheter 10' with ultra 
sonic energy. Balloon catheter 10' is thus continually 
monitored and guided en route; ultrasonic scanning of 
acoustic markers 23.24 thus aids greatly in ultimate 
positioning of catheter 10'. 
As can be appreciated by those skilled in the art, the 

acoustic markers of the present invention can be used in 
any type of catheter placement where ultrasonographic 
imaging is applied, particularly B-mode ultrasono 
graphic imaging. 

EXAMPLES 

(Industrial Applicability) 
The invention is further illustrated by the following 

non-limiting examples. 
Imaging was performed utilizing a 5 megahertz 

phased linear array realtime colorflow doppler imaging 
system with 18 degree standoff wedge manufactured by 
Quantum Medical Systems, Issaquah, Wash. A tissue 
flow phanton was created by constructing an 8 inch x6 
inchX7 inch PLEXIGLAS (trademark) box with 8 
separate holes in each end for passage of surgical tubing 
with lumens measuring 5, 8, 10, 12, and 15 mm posi 
tioned at different angles to simulate arterial anatomy. 
Short segments of surgical tubing were modified into 
arterial stenoses by wrapping monofilament nylon line 
strategically around the tubing to create hemodynami 
cally significant stenoses resembling those found in 
peripheral vascular arterial occlusive disease. The sur 
gical tubing was suspended in an acoustic medium con 
sisting of KNOX (trademark) gelatin and talcum pow 
der. In order to create flow in these suspended vessels, 
a peripheral pumping device consisting of a Model 
1-42A, 60 Hz, 1.1 amp., 115 volt continuous flow pump 
31 with a 5 gallon reservoir containing 2 gallons of 
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6 
water and 1 cup of cornstarch was utilized. A closed 
circuit system was devised using a 4' segment of tubing 
running from the pump to the flow phantom in order to 
create a long segment of prearterial laminar flow. The 
suspension of cornstarch acted as the acoustic medium 
simulating the scattering qualities of red blood cells. 
Initial testing for flow characteristics utilizing the phan 
tom was considered successful in simulating normal 
human arterial flow, although it was not pulsed. Acous 
tically, the arterial segments of surgical tubing appeared 
comparable to living human vessel with visible vascular 
walls and measurable functionable lumens resultant 
from the flowing acoustic medium. Laminar flow in the 
nonstenotic areas was present. At sites of artificial ste 
noses, the poststenotic flow characteristics were consis 
tent with those found in human stenoses; marked turbu 
lence and spectral broadening as well as elevated flow 
velocities in the 180 to 200 cm per second range typical 
of the hemodynamically significant stenoses. Preste 
notic flow generally measured between 75 and 80 cm 
per second also similar to flow in large human arteries. 
With the introduction into the arterial system of an 11 
french introducer, while simultaneously imaging flow, 
the modified balloon angioplasty catheter was posi 
tioned. From previous experiments, it had been demon 
strated that there were difficulties in determining the 
proximal and distal balloon margins. The catheter itself 
was also very difficult to visualize under color-flow 
conditions intraluminally. With the modified catheter, 
however, there was no problem in visualizing the cathe 
ter location within the vascular lumen. The copper coils 
acted as a "soft' acoustic reflector, literally scattering 
ultrasound rather than reflecting it perpendicularly 
back to the scanhead. This was evidenced by the lack of 
acoustic shadowing emanating from the coils; instead, 
the presence of a hazy, glowing, appearance of the 
reflectors. The curvature of the multiple closely placed 
copper wires most likely resulted in an artifact creating 
only focal displacement of colorflow data but not 
acoustic shadowing which might obscure evaluation of 
the posterior anatomy of the arterial segment being 
approached. B-Mode imaging also provided excellent 
visualization of the catheter markers as well. 
Although the invention has been described with ref. 

erence to these preferred embodiments, other embodi 
ments can achieve the same results. Variations and mod 
ifications of the present invention will be obvious to 
those skilled in the art and it is intended to cover in the 
appended claims all such modifications and equivalents. 
What is claimed is: 
1. An acoustically enhanced catheter for use in a 

body lunen comprising: 
an elongated catheter having a proximal end and a 

distal end; 
coiled means for scattering ultrasonic energy, said 

scattering means encapsulated by ultrasonically 
transparent material and mounted on said catheter; 
and 

ultrasonic transducer means, disposed externally of 
the body lumen, for ultrasonically scanning said 
catheter. 

2. The invention of claim 1 wherein said catheter 
comprises a balloon catheter having a balloon. 

3. The invention of claim 2 wherein said coiled means 
for scattering ultrasonic energy are mounted proximally 
and distally on said balloon. 
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4. The invention of claim 3 wherein said coiled means 
for scattering ultrasonic energy are mounted proximally 
and distally internally of said balloon. 

5. The invention of claim 3 wherein said coiled means 
for scattering ultrasonic energy are mounted proximally 
and distally externally of said balloon. 

6. The invention of claim 1 wherein said coiled means 
for Scattering ultrasonic energy are mounted proximally 
and distally on said catheter. 

7. The invention of claim 1 wherein said ultrasonic 
energy scattering means comprises discrete annular 
coils, wherein the distance between adjacent discrete 
annular coils is less than the length of the annulus diam 
eter. 

8. The invention of claim 1 wherein said ultrasonic 
energy scattering means comprises a helical coil. 

9. The invention of claim 1 wherein said ultrasonic 
energy scattering means comprises a coil monolayer. 

10. The invention of claim 1 wherein said coiled 
means for scattering ultrasonic energy comprises at 
least one member selected from the group consisting of 
copper, gold, silver, platinum, stainless steel, and alloys 
thereof. 

11. The invention of claim 1 wherein said coiled 
means for scattering ultrasonic energy comprises a 
length in the range of approximately 3 to 7 millimeters. 

12. The invention of claim 11 wherein said coiled 
means for scattering ultrasonic energy comprises a 
length of approximately 5 millimeters. 

13. The invention of claim 1 wherein said ultrasonic 
transducer means comprises piezoelectric transducer 
healS. 

14. The invention of claim 1 wherein said ultrasonic 
transducer means comprises magnetostrictive trans 
ducer means. 

15. A method of in vivo positioning of a catheter 
within a vascular system comprising the steps of: 

(a) providing an elongated balloon catheter, compris 
ing a balloon, a proximal end and a distal end, with 
at least one coiled ultrasonic energy scattering 
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device encapsulated by ultrasonically transparent 
material mounted thereon; 

(b) introducing the balloon catheter into the vascular 
system; 

(c) subjecting the balloon catheter to ultrasonic en 
ergy emitted from an ultrasonic transducer dis 
posed externally of said vascular system; and 

(d) viewing ultrasonic energy scattered by the ultra 
sonic energy scattering device and thereby guiding 
the balloon catheter into the desired position in the 
vascular system. 

16. The method of claim 15 wherein the step of pro 
viding a balloon catheter comprises the additional step 
f providing ultrasonic energy scattering devices at the 
proximal end and the distal end of the balloon catheter. 

17. The method of claim 16 wherein the step of pro 
viding a balloon catheter comprises the additional step 
of providing ultrasonic energy scattering devices at the 
proximal end and the distal end internally of the bal 
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18. The method of claim 16 wherein the step of pro 
viding a balloon catheter comprises the additional step 
of providing ultrasonic energy scattering devices at the 
proximal end and the distal end externally of the bal 
loon. 

19. The method of claim 15 wherein the step of pro 
viding a catheter with an ultrasonic energy scattering 
device comprises the additional step of providing a 
plurality of discrete annular coils, wherein the distance 
between discrete annular coils is less than the length of 
the annulus diameter. 

20. The method of claim 15 wherein the step of pro 
viding a catheter with an ultrasonic energy scattering 
device comprises the additional step of providing at 
least one helical coil. 

21. The method of claim 15 wherein the step of sub 
jecting the catheter to ultrasonic energy comprises uti 
lizing a piezoelectric transducer. 

22. The method of claim 15 wherein the step of sub 
jecting the catheter to ultrasonic energy comprises uti 
lizing a magnetostrictive transducer. 
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